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A Multiperiod Motad Programming Model To Evaluate Farm Planning
Decisions Under Uncertainty
Abstract
Most farm management decisions are made under conditions of uncertainty. This uncertainty in agriculture
arises from market forces, weather, disease, insect damage, and other factors which cannot be controlled or
accurately predicted. However, many agricultural economic models used to study farm management problems
are specified under assumed certainty. For example, conventional linear programming used extensively in farm
planning analyses does not accurately accommodate uncertainty. Of course, assumed yields and prices can be
changed in these models to see how the farm organization is affected by changes in these variables. But there is
no measurement of the risk associated with each farm organization. As a result, the conventional linear
programming solutions of farm organizations have often been rejected because the solutions may specify
actions that lead to a higher degree of risk than many farm managers are willing to accept [Chen, Freund]. The
objective of this paper is to develop a multiperiod linear programming model that can be used to evaluate farm
management decisions under uncertainty.
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Most farm management decisions are made under conditions of uncertainty.
This uncertainty in agriculture arises from market forces, weather, disease,
insect damage, and other factors which cannot be controlled or accurately
predicted. However, many agricultural economic models used to study farm
management problems are specified under assumed certainty. For example,
conventional linear programming used extensively in farm planning analyses
does not accurately accommodate uncertainty. Of course, assumed yields and
prices can be changed in these models to see how the farm organization is
affected by changes in these variables. But there is no measurement of the risk
associated with each farm organization. As a result, the conventional linear
programming solutions of farm organizations have often been rejected because
the solutions may specify actions that lead to a higher degree of risk than many
farm managers are willing to accept [Chen, Freund]. The objective of this
paper is to develop a multiperiod linear programming model that can be used to
evaluate farm management decisions under uncertainty.
Decision Making Under Uncertainty
The objective of the rational individual is to maximize utility. Utility
is derived from present and future consumption. Consumption, in turn, is a
function of income. Utility can then be expressed as a function of income as:
(1) U •= f(I)
where I is the income earned from a specific farm plan.—
If the income earned from a farm plan is uncertain, a linear utility
function may be written as:
(2) U - a + b-E(I) .
Since E(I) - , the linear utility function may be rewritten in terms of the
mean of X as:
(3) U " a + bpj
where is the mean of I. The first derivative with respect to gives the
marginal utility of income wd is:
(4) = b.
Marginal utility of income must always be positive, because the rational decision
maker always prefers more income to less, so b > o. Conventional linear programming
makes the assumption that maximizing income will maximize utility. It assumes
the decision maker has a linear utility function and makes his farm management
decisions based only on expected income.
If the farm manager's utility function is quadratic, it is given by:
(5) U= a + bl + cl^.
The first derivative with respect to I gives the marginal utility of income as:
(6) ^
Since marginal utility of Income must always be positive for a rational
producer (8U/3I > 0), this implies that:
(7) I > -b/2c , If c > 0 , and
(8) I < -b/2c , if c < 0 .
Within these ranges, I is the certainty equivalent of all risky farm plans
whose utility is equal to U [Dillon]* Figure 1 shows the general shape of the
quadratic utility function when c > 0 and when c < 0. The bold part of each
curve Is the relevant portion of the utility function.
The second derivative of the quadratic utility function with respect to I
indicates whether the marginal utility of Income Increases or decreases as
income increases. This second derivative is:
|^=2c.
This second derivative shows that c > 0 implies increasing marginal utility of
Income as Income Increases, and c < 0 Implies decreasing marginal utility of
Income as income increases.
If the income earned from a farm plan is uncertain, the quadratic utility
function may be written as:
(10) U = a + b'E(I) + c-E(i2) .
Since E(I) = and E(X^) = this quadratic utility function may be
rewritten in terms of the mean and variance of income as: ;i
(11) U= a + by^ + cy^ + ca^
where is the mean of I and is the variance of I about Pj"•
Over the relevant range of the quadratic utility funtion, &U/3y must be
positive for the rational producer, which means that utility increases as
Increases with fixed. So if two farm plans have the same variance of
income, the one with the higher income will be preferred.
Since cr^ is necessarily positive and 3U/9a| « c, increasing marginal
utility of Income (c > 0) implies that variability of I is desired (a "risk
preferrer"); the greater is , the greater is U when c > 0. On the other
V
hand, decreasing marginal utility of income (c < 0) Implies that variability of
I Is disliked (a "risk averter"); the greater is , the smaller is U when
c < 0 [Dillon]. If c = 0, variability of I does not matter to the decision maker
and he has a linear utility function. A decision maker with a linear utility
function is referred to as risk neutral. For these reasons, the coefficient c
in the quadratic utility function is often referred to as the coefficient of
risk preference or risk aversion [Mao, Tobin].
With a quadratic utility function, discussions of uncertain prospects are
often presented in terms of mean*-variance or E,V analysis [Markowltz, Markowitz,
Scott, Van Home]. The quadratic utility funtion given above implies a utility surface
in the three dimensions U, y^, and . Holding utility constant, the function can be
represented by a series of Iso-utlllty curves In mean-variance space. Setting
utility equal to a constant level» say U*, and rearranging terms, the curve of
all mean-variance combinations which yield the same level of utility Is:
I
/ To \ 2 U* , a b o(12) ,,2 _ ^,2 .
Such curves are known as £,V Indifference curves since the decision maker with
a quadratic utility function would be Indifferent between the alternative farm
plans whose mean income and variance of income lie on the same indifference
curve [Dillon]. The relevant range of the indifference curve Is again defined by
the coefficient of risk preference or risk aversion as:
(13) > -b/2c , if c > 0 (risk preferrer), and
< -b/2c , if c < 0 (risk averter).
The rate of substitution or trade-off between the mean and variance at a
constant level of utility is given by:
3Mt 3U/3a2
(15) =- — a -c(b + 2cn )
9cy^ 3U/apj b + 2cyj
The term (b + 2cHj) Is the marginal utility of Income (3U/9yj) and again must
be positive for the rational producer. Therefore, the rate of substitution
between the mean and variance will be positive, zero, or negative within the
relevant range as c is negative, zero, or positive, respectively. The rate of
substitution will be positive for a risk averter (c < 0) because a risk averter
requires an Increase in mean Income to compensate for an Increase in variance
if the level of utility is to remain constant. The rate of substitution will ij
be negative for a risk preferrer ( c > 0) because a risk preferrer requires a
decrease in mean Income to offset an increase in variance if the level of
utility is to remain constant.
The rate of change in the rate of substitution of mean for variance is the
marginal rate of substitution and Is given by:
3 mm ^ = [2c2(b + 2CU-) .
3(a2)2 ^ 3a2
The term In brackets is always positive because of the squared terms, and
is positive or negative as c is negative or positive. For a risk
averter (c < 0) the marginal rate of substitution is increasing, and for a
risk preferrer (c > 0) the marginal rate of substitution is decreasing.
!
Equations (12), (15), and (16) describe a family of indifference curves
given the decision maker's values for the parameters a, b, and c. Figure 2
shows a family of indifference curves for a risk averter and a risk preferrer
I
who have quadratic utility functions. The intercept of an indifference curve
with the axis « 0) is the certainty equivalent of all mean-variance
combinations on that Indifference curve. The greater the degree of risk aver-
^ sion or preference (the greater the value of c ), the flatter the indifference
I
curves.
The quadratic utility function assumes that only the mean Income and the
variance of Income matter to the decision maker. There are two situations
when this assumption would be correct. The first situation occurs when the
first two moments describe the probability distribution of the uncertain income
fully; when the uncertain Income has a normal distribution. The second
situation occurs when the decision maker bases his decision only on the mean
and variance of Income. The distribution of the uncertain income may have
moments beyond the second, but if a quadratic utility function is used, the
higher moments are assumed to be Irrelevant to the decision maker's choice.—^
t
Numerical Analyses Techniques
Quadratic programming has been suggested as a useful method to consider
uncertainty in farm planning [Freund, McFarquhar, Stovall, Takayama],
Quadratic programming Assumes the farmer orders his preferences among alternative
farm plans only on the basis of expected income, E, and the associated income
variance,V. Quadratic programming further assumes that the farmer is a risk
averter, or that his Indifference curves are convex as shown in Figure 2 (panel b)
Give these assumptions, the rational farmer restricts his choice among
those farm plans which have a minimum variance given an expected level of
income. Such plans are called efficient E,V pairs and define an efficient E,V
frontier over the set of all feasible farm plans (segment OM in Figure 3) •
The point of tangency between the efficient E>V frontier and an indifference
curve defines the farm plan that will maximize the farmer's utility. The point
F in Figure 3 is the point of utility maximization. The farm plan which
corresponds to point F is the optimal farm plan for the farmer with a utility
function depicted by the indifference curves in Figure 3.
Multlperiod Quadratic Programming
The quadratic programming model is typically formulated to obtain an
efficient E,V frontier for only a single time period. If returns occur over a
number of future time periods, then the relevant decision variables become the
present value of future returns and the associated variance [Van Home] •
These decision variable^ for alternative farm plans can be determined by taking
note of a theorem regarding the mean and the variance of a linear function of
Independent random variables [Larson].
Theorem 1. Let I^, ...» independent random variables with
^2* Vij and variances of •••» respectivelymeans
If R = Z where the a^s are arbitrary constants, then
(17) = 2 a u , and
^ t=l ^ ^
T
(18) ^ '
^ t=i ^ ^
If I is the return in period t and a is the discount factor for period t,
W M
then the present value of future returns is given by:
T
(19) R = ajli + a2l2 + ... + = Z a I .
t=l
From Theorem 1, the mean value of the present value of future returns is then
given by equation (17), and the variance of the present value of future returns
Is given by equation (18), where a^ is now the discount factor in period t.
The discount factor, a^, is equal to (1/1+p)^ where p is the risk-free
discount rate. The risk-free rate Is used because it is desired to isolate the
time value of money. If a premium for risk is Included in the discount factor
there would be double counting for risk in the E,V analysis [Van Home]. That is,
the return from a prospect would be adjusted for risk in the discounting process,
and then the probability distribution of the resulting value would be used to
judge the risk of the prospect. But this probability distribution was obtained
using a risk-adjusted discount rate. This would result in erronously adjusting
for risk a second time in evaluating the relative dispersion of the probability
distribution of the present value.
Setting a^ = (1/1+p)^ , the present value of future returns is given by:
T T
(20) R « Z (l/l+p)h = E I /(1+p)^ .
t«l ^ t=l ^
The mean value of the present value of future returns Is then given by:
T T
(21) yp - E (l/l+p)''w. « EU./Cl+p) .
^ t-1 ^ t«l ^
%
and the variance of the present value of future returns Is given by:
T T
(22) a2 =. E Uin+P)^f = E (rj/d+p)^^ ,
^ t=l t=l
The E,V analysis then proceeds as In the single period case. The farmer's
utility Is assumed to be a function of y_ and aj as given by a quadratic
K R
Utility function. The E,V efficient frontier and the decision maker's indiff
erence curves are then drawn in y and cr^ space.
K R
A multiperlod quadratic programming model can then be formulated as:
T n m
(23) minimize: V = Z Z Z X7, / (i+p)t=l jal fccsX
2t
T n
' (24) subject to: Z Z f. X. / (1+p) = X
t=l j«l
(26) ^jt - °
where: ~ level of activity j in year t,
fj^ = the expected return of activity j in year t,
a., = The covarlance of returns between activity j and activity k
when j k, and the variance of returns of activity j
when j ® k,
ijt = the technical requirement of activity j for resource or
constraint 1 in year t,
" ^it ~ level of resource of constraint 1 in year t,
p « the risk-free discount rate,
X B a scalar,
n => the number of activities,
m = the number of constraints.
nThe sum E £. X. Is the expected return In year t, so equation (24)
represents the expected value of the present value of future returns. The sum
w
n n
E E expected variance of return In year t, so the objective
j=I k=l ^ ^
function of the multlperlod quadratic programming model Is the minimization of
the variance of the present value of future returns. By parameterizing X from
zero to unbounded, a sequence of solutions are obtained of increasing expected
value of the present value of future returns and variance of the present value <,v
of future returns subject to the resource constraints. In this manner the
efficient E,V frontier for the multlperlod situation is generated.
However, computer codes available for solving quadratic programming models
have practical limits as to size and can be expensive to solve. These problems
are paramount for the multlperlod case because the model size Increases as more
time periods are considered. By expanding Hazell*s MOTAD model [Hazell] to a
multlperlod MOTAD model, a linear alternative to multlperlod quadratic programming
can be developed which can be solved using conventional linear programming codes.
A Multlperlod MOTAD Model
Hazell notes that the quadratic programming model requires knowing a
priori the expected returns for each activity (f^; j « 1, 2, , , , n) and the
corresponding variances and covariances (a.,; j, k = 1, 2, . . . n). As these
jK
parameters are unknown it is necessary to obtain estimates using time series or
cross-sectional data of observed returns. The variance, V, in the single period
quadratic programming model is estimated by:
n n
(27) E E X.X,
j=l k«=l ^ ^
.{
where h = 1, 2, . , s denotes s observations in a random sample of returns, and
1 ^g. (g.) is the sample mean return of activity j(k) measured as — E c, ..
J s hj
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Hazell then notes that If the sample data are available to estimate the
variance, the mean absolute income deviation may be defined as:
(28) A=i " " (e - g ) X, .
® h=l J=1 J J
A is an unbiased estimator of the population mean absolute deviation. Hazell
suggests that using A as a measure of uncertainty, it is reasonable to consider
E and A as the crucial parameters in the selection of a farm plan and to define
I
efficient E, A farm plans as those having minimum absolute income deviation for
given expected income.
Hazell suggests that the E, A criterion has important advantages over the
E, V criterion in that it leads to a linear programming model in deriving
®ffi®icnt E, A farm plans. Hazell converts A to a legitimate linear programming
objective function in the following model:
(29) minimize: Z y~
h=l ^
n
(30) Subject to: l (cj^^ - gj^) + yj^ ^0
n
(31) E fx. « X
(32) < b,
(33) 0
1 n
The objective function is "^A and the sum E fjX. is the expected income,
j=,l J J
E, By parameterizing A from zero to unbounded, a sequence of solutions is obtained
of increasing expected return and mean absolute Income deviation until the maximum
expected return possible under the resource constraints has been attained. In
this manner the efficient E, A frontier is generated. Since this model minimizes
A, Hazell refers to it as the Minimization of Total Absolute Deviations (MOTAD) model.
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The objective function of the MOTAD model Is specified to minimize the absolute
values of the negative return deviations for one time period. By Inserting a time
subscript In both the objective function and constraint, the sum of the absolute
values of the negative return deviations for year t Is defined as:
hi=l
n
(35) subject to: I (c- . - g.)X.. + y, " > 0 .
h^l J Jt nt
l;
This value Is theii an approximation of the variance of expected returns In
year t. Using this sum of the absolute values of the negative return deviations
for year t as an approximation of the variance of expected return In year
i
t, the multlperlod MOTAD model can be formulated as:
T s
(36) minimize: i: Z y," / (1+p)^^
t=l h«=l
t
n
(37) subject to: (c^^ - ®
(38)
T tx
E S f,.X.. / (l+p)*" == X
n
(39)
(40)
By parameterizing X from zero to unbounded» a sequence of solutions are
obtained of Increasing expected value of the present value of future returns
and absolute value of negative deviation of the present'value of future
returns. In this manner the efficient E,A frontier for the multlperlod
situation Is generated.
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Entry Into Agriculture - A Numerical Example
A numerical example Is briefly presented to Illustrate the potential
applicability of the methodology and demonstrate the type of Information
generated. Amultlperlod MOTAD model was constructed to depict the problem
encountered by an Individual who wants to begin farming. The planning horizon
I
Is five years and there is also an initial period which allows for investment
in machinery, land, and livestock facilities before the first year of operation.
The objective function minimizes the summation of the discounted values of
negative deviations resulting from agricultural product selling activities; it
is assumed that the variation in Income is caused exclusively by the variation
in agricultural product prices. Investment and financing activities are Included
for acquiring machinery, land, cattle feeding facilities, hog farrowing
facilities, and hog feeding facilities. Crop and livestock production activities
are Included. There are also activities included for Investment in off-farm
assets, off-farm employment, crop storage, short-term borrowing, renting land,
tax paying, and family consumption withdrawals. Restraints which specify the
amount of resources available. Impose restrictions on the level of certain
activities, provide accounting of several financial varLable% and require the
payment of fln'ancial obligations, taxes, and consumption are included.^
Figure 4 summarizes an efficient E,A frontier generated by the multlperlod
MOTAD model. This efficient frontier represents the trade-off between return
and risk when the beginning farmer has an initial endowment of $20,000 of cash,
is constrained to a debt-to-equity ratio of less than one, can finance investments
using deferred principal payment loans, and his wife can earn $8,000 a year in
an off-farm job. As expected, the efficient frontier is convex, thus requiring
increased risk to reach higher levels of return. For example, a movement from
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Point I to Point II requires only an Increase in risk (absolute deviation) of
$.591 for every dollar increase in return, while a movement from Point IV to
Point V requires an increase in risk of $27.95 for'every dollar increase in
return. As the initial parameters, resource endowment and alternatives are
1/changed, different efficient E,A frontiers are generated.
Each point on the frontier represents a five year Investment, financing,
production, and marketing plan. If the beginning farmer is willing to maximize
income with no concern for risk (Point V of the E,A frontier), his plan would
h
include a combination of cash and crop-share rented land used to produce corn and
6/
soybeans (Table 1)—. The initial $20,000 of cash along with almost $30,000 of
debt is invested in a machinery line to farm approximately All acres in the first
year. By the fourth year, the farmer would be operating 1070 acres of cropland.
Very few hogs are included in the farm organization for the operator who Is willing
to take high risks. Also, the wife works off the farm during the first year,
but then contributes her labor to on-farm activities in years two through four,
so the income of the family must come solely from the farm operation after the
first year.
Note as indicated in Table 1 that this farmer would increase his net worth
from $20,000 at the beginning of the first year to approximately $72,000 at the
end of the fourth year. Note also that if he has average yields and prices,
family Income would Increase from $25,152 in the first year to $32,886 by the
fourth year, and family living expenses would be $14,249 in the first year and
almost $17,000 In year four. However, Table 1 also indicates that the chances
of the farm family suffering a loss (family Income less than $0) because of low
commodity prices are almost 1 In 5 in the first three years and 1 in 4
In the fourth year. The chances of Income being less than $8,000 with this
plan are almost 1 In 4 the first three years and 1 in 3 In the fourth year.
Thus, a farmer with this plan would make substantial financial progress if
14
prices and yields were average or above during the first few years of his
fanning career, but the probability or chances of low Income (and in fact
losing money) are relatively high as well.
For a producer who is not \rtlllng to take the risk associated with Point
Vof the E,A frontier, the plan of Point IVmay be an option. With this plan less
acreage Is rented, and It Is all rented on a crop share basis. Land rental
ranges from 384 acres in the first year to 453 acres in year four. The land is used
primarily In corn and soybean production. More hogs are Included in this plan
compared to that of Point V, with about 42 litters farrowed in the first three
years and 31 litters In year four. Hog production declines In year four
because of increases in corn and soybean production. With this plan, the farm
wife works off the farm for all four years at a salary of $8,000. The initial
$20,000 of equity capital along with almost $12,000 of debt Is utilized to
acquire a less extensive set of machinery to farm the land, compared to the
earlier plan, along with partial confinement farrowing and finishing facilities.
The net^ worth for this situation Increases from $20,000 to almost $86,000 by
the end of the fourth year, which Is a faster rate of Increase In net worth than
with the first plan. Although family Income is approximately $14,000 in the
first year compared to $25,000 in the first year for the plan of Point V, it
Increasesto almost $28,000 by the fourth year. Family living expenses also are
lower in the first year at $10,000 but increase to $15,150 by the fourth year
with this plan. Furthermore, the chances of a loss from farm and non-farm
sources (family Income less than $0) are almost negligible with this plan.
The chances of Income being less than $8,000 are 1 out of 4 for the first year
with this plan, 1 out of 10 for the second year and almost 1 In 50 in years
three and four. So the operator who is willing to take less risk will not have as
high a living standard, but the probability of losing money is very low because
of the combination of diversification in crop and livestock enterprises and
the non-farm Income generated by the wife's off-farm employement.
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Point III includest even less risk than Point IV. Note that the land rented
is less than with the earlier plans, but as with Point IV all of the land is
rented on a crop-share basis. Land acreage totals approximately 260 acres
during all four years and most of the land Is used in corn and soybean production.
However, some oats enter this plan as part of the crop rotation. Approximately
100 litters of hogs are produced annually during all four years In a partial
confinement facility. Note that approximately 80 percent of these hogs are sold
as feeder pigs rather than being finished on the farm. The operator allocates
his time to the farm operation, but his wife Is again employed off the farm for
all four years. The financial progress for this operator as summarized In
Table 1 Is not as rapid as with Point IV and V; net worth increases from the
initial value of $20,000 to approximately $64,000 by the end of the fourth year.
Note that family Income and living expenses are both very low In year one with
this plan, but theii increases significantly In the second year, and by the fourth
year the operation is generating approximately $23,000 of Income an^d a family
living level of approximately $13,500. The risk of generating a family Income
that is less than $8,000 Is very high with this plan for the first year, (almost
9 chances out of 10), but after the first year the chances are 10 out of 10
of generating an Income that will at least exceed $8,000.
Finally, Point II includes even less risk, but also less potential for
financial progress. The farm includes 148 acres In the first year and 215 acres
In years two, three and four. Most of the acreage Is used to produce corn. A
total of 36 litters of hogs are farrowed in the first year and approximately
67 litters In years two through four. In contrast to earlier plar.s, 60-65 percent
of the pigs farrowed are also finished on the farm. This plan utilizes less debt
than the three previous plans, and net worth Increases to approximately $56^000
by the end of the fourth year. Family Income is zero In the flrat year (off-farm
income just offsets farm losses), but Increases to $18,632 In the fourth year*•
Family living expenses Increase from $4,000 in the first year to almost $12,000
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In the fourth year. The chances of Income being less than $8,000 are 10 out of
10 in the first two years, but after the second year the chances of family income
being that low are zero. At Point I no agricultural production occurs; the
wife works off the farm and available cash is invested in a savings account.
Conclusion
The decision environment faced by producers is characterized by incomplete
knowledge of future events. Consequently, decision models that incorporate
risk and uncertainty can be expected to provide more useful information for
planning purposes than those models which ignore such dimensions. Numerical
modeling techniques that can efficiently accomodate large-scale planning
problems which include production, financing and marketing decisions in a risky
environment over time are not readily available. Recent experience with
MOTAD modeling procedures to handle price risk in a multi-period model of
the entry process into agriculture provides encouraging and realistic results.
The numerical results provide evidence of the benefits of enterprise
diversification, off-farm employment, crop-share rental arrangements and limited
credit use as means of reducing risk for the beginning fanner. Furthermore,
the annual production, marketing and financing plan along with the expected
financial progress and the probability of success as measured by family income
exceeding a specified amount each year provides specific planning information
for new entrants willing to accept various levels of risk.
Table 1. Farm Plans for Various Points on the E«A Frontier for a Beginning Farmer'^
Point V of the E,A Frontier
Year
1 2 3 4
Cropping Plans
Acres Crop-Share Rented 411 750 755 755
Acres Cash Rented 192 78 212 316
Corn 420 564 590 685
Soybeans 183 264 377 386
Oats
— — — —
Livestock Production
Litters Farrowed __
Hogs Finished — 80 80 54
Feeder Pigs Sold
—
—
— —
Off-Farm Income $8,000 — — —
Total Debt 29,972 47,121 58,559 56,123
Net Worth 30,902 47,121 61,695 72,082
Debt to Net Worth Ratio .97 1.00 .95 .74
Family Income 25,152 27,860 31,645 32,886
Family Living Expenses 14,249 15,150 16,321 16,694
Probability of Income Less Than
$0 .18 .18 .21 .24
$8,000 .27 .26 .27 .30
Point IV of the E,A Frontier
Year
1 2 3 4
Cropping Plans
Acres Crop-Share Rented 384 415 421 453
Acres Cash Rented
Corn 245 257 243 260
Soybeans 139 158 178 193
Oats
— — —
Livestock Production
Litters Farrowed 42 42 42 31
Hogs Finished 26 250 237 235
Feeder Pigs Sold 255 99 98 56
Off-Farm Income $8,000 $8,000 $8,000 $8,000
Total Debt 11,993 16,211 20,091 25,481
Net Worth 34,649 53,153 68,750 86,083
Debt to Net Worth Ratio .35 .30 .29 .32
Family Income 14,176 18,340 23,340 27,860
Family Living Expenses 10,151 11,830 13,640 15,150
Probability of Income Less Than
90 .06 .02 .00 .00
$8,000 .25 .12 .02 .02
Table 1 (continued)
Point III of the E,A Frontier
Year
X
1 2 3 4
Cropping Plans
262Acres Crop-Share Rented 260 262 262
f Acres Cash Rented — — — —
Corn 129 156 156 154
Soybeans 70 53 53 54
Oats 61 33 53 54
Livestock Production
Litters Farrowed 98 100 100 100
Hogs Finished 125 164 164 164
Feeder Pigs Sold 527 633 636 640
Off-Farm Income $8,000 $8,000 $8,000 $8,000
Total Debt 20,571 9,279 9,652 8,479
Net Worth 35,661 45,588 54,703 63,807
Debt to Net Worth Ratio .58 .20 .18 .13
Family Income 3,115 17,932 22,390 23,056
Family Living Expenses 4,335 11,670 13,305 13,504
Proability of Income Less Than
$0 .17 .00 .00 .00
$8,000 .93 .00 .00 .00
Point II of the E,A Frontier
Year
1 2 3 4
Cropping Plans
Acres Crop-Share Rented 148 215 215 215
Acres Cash Rented __ __
Corn 116 215 215 212
Soybeans 16 __ 1
Oats 16 — — 1
Livestock Production
Litters Farrowed 36 67 67 68
Hogs Finished 212 455 455 454
Feeder Pigs Sold 136 245 241 245
Off-Farm Income $8,000 $8,000 $8,000 $8,000
Total Debt 5,540 16,952 6,887 6,059
Net Worth 31,569 44,010 50,001 56,309
Debt to Net Worth Ratio .18 .38 .14 .11
Family Income 0 5,803 17,462 18,632
Family Living Expenses 4,000 5,951 11,485 11,938
Probability of Income Less Than
.50 0.0 0.0 0.0
$8,000 1.0 1.0 0.0 0.0
•^JLLd.y i.yui. y^txi.o uj. 1.11c j. j.ve—jreai. pxaiiiixiig iiuj. j.<>uii OJ.c j.ii^xuucu ^ui. pt
on the frontier because the terminal year of each plan includes a partial
liquidation of the firm.
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Footnotes
1. A specific farm plan consists of an investment, financing, production,
and marketing plan.
2. The second moment about the mean is defined as E[(I - ] = cr^ , [Larson]
Expanding this expression:
E[I^ - 2I)jj +p2] =a2
E(l2) - 2Uj-E(I) + = <j2
£(1^) - + vi^ =, (j2
E(I^) - 2u^ + « 0^
E(i2) - y2 =
E(l2) = + y2 .
3. The mathematical calculation of the third moment (a measure of skewness)
is possible only for a simple problem and is infeasible for a farm plan
with a large number of possible returns. [Van Horrie] Many analyses which
consider risk are confined to the first two moments because of the difficulty
in dealing mathematically with moments beyond the second.
4. The model Includes approximately 990 rows and 2250 columns, which is
too large to fit within the size constraints of available quadratic
programming solution codes.
5. For results assuming alternative resource endowments, parameter values
and financing alternatives, see Kaiser.
6. Only four years are summarized for each point because the terminal year
of each plan Includes a partial liquidation of the firm. This terminal
period problem is frequently encountered in mulitperiod planning models.
See Brennon and Hashansson.
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-b/2c -b/2c
a. c > 0. b. c < 0.
Figure 1. Quadratic Utility Function, U » a + bl + cl .
a.
-b/2c
Risk Preferrer (c > 0). b.
-b/2c
Risk Averter (c < 0).
Figure 2. Family of Indifference Curves for a Risk Preferrer and a
Risk Averter Who Have Quadratic Utility Functions.
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Figure 3. The Optimal E,V, Farm Plan,
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Figure 4. Efficient E, A Frontier for the Beginning Farmer
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